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B
-type natriuretic peptide (BNP) is a peptide hormone released by the cardiac myocytes in response to myocardial stretch during pressure and volume overload states. 1, 2 The peptide has known systemic effects, including vasodilatation, increase in urinary output, and sodium excretion, as well as inhibition of the sympathetic nervous system and the renin-angiotensin-aldosterone system. 3 BNP maintains hemodynamic and neurohormonal equilibrium by counterbalancing the vasoconstriction and retentive effects of sustained neurohormonal secretion. 2 Although it acts as a compensating mechanism to reduce preload and afterload, the increase in endogenous BNP is not sufficient to compensate for pressure and volume overload in disease states such as hypertension and heart failure. 1 Animal studies suggests that BNP expression antedates the development of hypertension. 4 Although circulating plasma BNP concentrations have been associated with blood pressure (BP) in cross-sectional human studies, there is limited information on the relations of BNP to longitudinal changes in BP and incident hypertension, specifically in African Americans. [5] [6] [7] [8] [9] [10] [11] The Jackson Heart Study (JHS) provides a unique opportunity to pursue this research question. We hypothesized that higher BNP concentrations will be associated positively with longitudinal changes in systolic and diastolic BPs and with a greater progression of BP stage and a higher incidence of hypertension in a community-based sample of African Americans.
and Rankin County). 12, 13 A total of 5301 participants were recruited for the baseline examination (2000) (2001) (2002) (2003) (2004) , and 4203 participants attended the second examination (2005) (2006) (2007) (2008) . For the present investigation, participants were excluded if they had hypertension at baseline, prevalent congestive heart failure or myocardial infarction, missing or extreme values (>100 pg/mL) of plasma BNP concentrations, missing BP measures, or a serum creatinine >2.0 mg/dL. Informed consent was obtained, and the research protocol was approved by the institutional review board of the University of Mississippi Medical Center, Jackson State University, and Tougaloo College
BP Measurements
Both the baseline and second examinations included a complete medical history, physical examination, and blood and urine collections. At each JHS examination, systolic and diastolic BPs were measured in the right arm of participants twice using the random-0 BP sphygmomanometer (Hawksley and Sons Limited, Sussex, United Kingdom). The first BP was obtained after allowing the participant to rest for 5 minutes in a seated position, and a second BP was obtained after waiting 1 additional minute. The average of the 2 measurements composed the examination BP. The same standardized protocol and devices were used for the 2 examinations.
In this study, we assessed 3 BP outcomes: (1) longitudinal change in systolic and diastolic BPs; (2) 
Plasma BNP Measurements
Plasma BNP concentrations were measured in the baseline examination of the JHS. Plasma BNP was measured on a Siemens Advia Centaur instrument using a chemiluminescent immunoassay. The lowest detectable plasma BNP concentration was 1.9 pg/mL. 
Covariates
For this investigation, hypertension was defined as a systolic BP >140 mm Hg, a diastolic BP of >90 mm Hg, or the use of antihypertensive medication. Diabetes mellitus was defined as a fasting glucose concentration 126 mg/dL, a random glucose concentration ≥200 mg/ dL, a physician diagnosis of diabetes mellitus, or the use of oral hypoglycemic medications or insulin. Body mass index (BMI) was defined as the weight in kilograms divided by the height squared (in meters). Current smoking status was defined as yes in participants who had smoked >400 cigarettes in their lifetime and were actively smoking at the time of the baseline examination.
Echocardiographic left ventricular (LV) mass was calculated using the American Society of Echocardiography corrected formula described by Devereux et al, as follows: In this formula, LVIDD, IVST, and PWT are the LV internal diameter measured at end diastole, the interventricular septal wall thickness at end diastole, and the posterior wall thickness at end diastole, respectively. To adjust for body size, LV mass was index by height 2.7 .
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Statistical Analyses
We performed sex-pooled analyses after finding no evidence of a sex×BNP statistical interaction. We also compared the means of all clinical characteristics between samples with and without BP progression and incident hypertension. Because BNP concentration is not normally distributed, we used the Wilcoxon signed-rank test. Three sets of analyses were performed to determine the association of plasma BNP with longitudinal changes in BP over time. In the first analysis, we investigated the relations of circulating natural logarithmically transformed BNP to changes in systolic and diastolic BPs using generalized additive models implemented in SAS version 9.2 (SAS Inc, Cary, NC). Penalized regression splines were used to demonstrate the overall shape of the relation between log-transformed BNP and continuous BP changes.
In the second analysis, we investigated the relation of circulating log-transformed BNP (continuous) or categorical (quartiles) to BP progression defined as an increase by ≥1 JNC VI category. In the third analysis, we investigated the relation of circulating log-transformed BNP to incident hypertension. For participants taking BP medications, BP values were imputed by adding 10 mm Hg to the systolic BP and 5 mm Hg to the diastolic BP. 16 We performed Poisson regression with robust error variance for both the second and third analyses.
In all 3 of the analyses, we adjusted for covariates known to influence circulating serum BNP, as well as BP and BP changes over time, including age, sex, BP categories, systolic and diastolic BPs, BMI, diabetes mellitus, smoking, heart rate, estimated glomerular filtration rate, and LV mass (fully adjusted model). LV mass was placed in the model because plasma BNP is associated positively with LV mass, 17 and increased LV mass has been associated with elevated BP. 18 Specific for BP progression and incident hypertension analyses, we used multiple models with progressive degrees of adjustment (model 1, age-sex adjusted; model 2, fully adjusted without SBP or DBP; model 3, fully adjustment without SBP but with DBP; and model 4, fully adjusted).
Because previous investigators have reported low plasma BNP concentrations in obese hypertensive subjects, 19 we examined statistical models incorporating interaction terms (BNP×BMI) to assess effect modification by BMI. In a secondary analysis, we used JNC VII categories (as opposed to JNC VI categories used in the primary analysis) to further investigate the relation of BNP to incident hypertension in those with prehypertension at the baseline examination.
Results
The study sample consisted of 888 participants (mean age, 47±12 years; 61% women). The median follow-up period was 5.0±0.8 years. The main characteristics (clinical, biochemical features, BP categories, estimated glomerular filtration rate, and echocardiography) are summarized in Table 1 .
Figures 1 and 2 show plots relating change in systolic BP and change in diastolic BP to baseline log-BNP concentrations after multivariable adjustment, respectively. Test of deviation from linearity showed that plasma BNP was linearly related to both systolic (P=0.01) and diastolic (P=0.032) BP changes. The spline term (3 degrees of freedom) revealed lack of a nonlinear relation between log plasma BNP with systolic (P=0.20) and diastolic (P=0.59) BP changes. Overall, log BNP was linearly related to changes in systolic and diastolic BPs; thus, Poisson regression models were deemed appropriate to estimate the relative risk (RR) of BP progression and incident hypertension described by plasma BNP concentrations.
Overall, 36.9% of the participants (36.2% men and 38.0% women) progressed to a higher BP stage, and 19.3% (18.2% men and 21.1% in women) developed incident hypertension. The clinical characteristics of those who had BP progression compared with those who did not have BP progression are presented in Table 2 . There were no differences in the mean of baseline clinical characteristics or in estimated glomerular filtration rate; however, there was a significant difference in the median of BNP concentration. The median of BNP was significantly higher in those with BP progression (P=0.0042) than in those without BP progression. In Table 3 , the relations of log-BNP to change in BP outcomes over the 5-year follow-up period are shown for all 4 models with increasing levels of adjustment. In the fully adjusted model, baseline log-BNP (P=0.046) was significantly associated with BP progression. Every SD increase in baseline log-BNP was associated with a 12 % increased RR of BP progression). Baseline log-BNP, as a continuous variable, however, was not significantly associated with incident hypertension (P=0.12; Table 3 ). Level of adjustment did not affect the significance of the relation between BP progression and log-BNP or between incident hypertension and log-BNP. 
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For every quartile increase in plasma BNP concentration, RR of BP progression increased by 12% (P for trend=0.005). Level of adjustment did not affect the significance of the relation of BP progression or incident hypertension to BNP quartiles.
In a secondary analysis, we used JNC VII categories to evaluate the relation of BNP to incident hypertension with a specific interest to look at those with prehypertension at baseline. Similar to our finding with JNC VI, there was no significant relation between BNP concentrations and incident hypertension in either the group with optimal BP or the group with prehypertension at the baseline examination.
Discussion Principal Findings
Our results indicate a compelling and graded positive association between BNP concentrations and both longitudinal change in systolic and diastolic BPs and BP progression. In a comparison of clinical risk factors and BNP concentrations in individuals with and without BP progression over the 5-year follow-up, BNP was significantly associated with BP changes seen. Our findings suggest that plasma BNP may be a precursor of or a response to the development of vascular changes that lead to higher BP and hypertension. BNP has been established as a regulator of cardiovascular hemodynamics since it was first identified in 1981 by de Bold et al. 20 Long-standing hypertension is associated with LV hypertrophy, fibrosis, and subsequent onset of LV systolic and diastolic dysfunction. 21 Because the main stimulus for BNP production is myocyte stretch, it is not surprising that elevated BNP concentrations are typically seen in hypertensive patients. 22, 23 Our investigation extends the literature on this biomarker to include its potential value as a predictor of future progression of BP.
BNP Relation to Longitudinal BP
We observed a significant association of BNP concentration with increase in both systolic and diastolic BPs and with progression of BP category over an ≈5-year follow-up. There is conflicting evidence for whether higher BNP concentrations are related to high BP. 6, 24 There have been some studies that have reported no association and others that have reported lower BNP concentrations in individuals who were hypertensive but also obese. 19, 25 Framingham investigators recently identified a relation of BNP concentrations to longitudinal BP tracking in men in their cohort, supporting findings in this investigation. 26 They did not find such an association in women. To our knowledge, this is the first study to investigate the relation of BNP to longitudinal changes in BP and to BP progression in a large community-based group of African Americans.
One theory that explains the relation of BNP to BP progression is that increased vascular resistance and cardiac stress may lead to an increase in the circulating plasma BNP concentrations antedating the development of the disease state itself. 2 Early in the development of hypertension, there is an increase in vascular stiffness. Arterial stiffness is associated with increased LV afterload, which may lead to BP progression and eventual development of hypertension. 27, 28 BNP is known to lower vascular resistance by a variety of actions including the following: (1) vasodilatation, (2) decrease of the sympathetic tone, and (3) reduction in cardiac preload by shifting the intravascular volume into an extravascular compartment. 2 Natriuretic peptides reduce the sympathetic tone in the peripheral vasculature by inhibiting the release of catecholamines from autonomic nerve endings and suppression of sympathetic outflow from the central nervous system, thereby suppressing the reflex tachycardia and vasoconstriction that accompany the reduction in preload and promoting the lowering of arterial BP. 3, 29, 30 Through suppression of the renin-angiotensin-aldosterone system and alteration of salt appetite and water intake, natriuretic peptides are also involved in reducing the extracellular fluid volume. 4 Some experts suggest that, through these multiple hemodynamic mechanisms (in response to increased vascular resistance and pressure overload), there is potential for a rise in circulating plasma BNP concentrations that precedes an increase in BP and the development of hypertension.
Our finding that BNP concentrations are related to longitudinal change in BP (in particular, progression of systolic and diastolic BPs and BP class) has clinical importance. Individuals in a higher BP class are at a higher risk of developing hypertension. 31 In the Framingham Heart Study, investigators found that, compared with those with optimal BP (<120/80 mm Hg), those with systolic BP 120 to 129 mm Hg and diastolic BP 80 to 84 mm Hg had a greater incidence of hypertension (5% versus 17%, respectively). Accordingly, those with systolic BP 130 to 139 mm Hg and diastolic 85 to 90 mm Hg had yet a higher risk (37%) compared with those with optimal BP. 31 Studies have shown that those with prehypertension have as high as a 2-fold higher risk of adverse cardiovascular disease outcomes compared to those with optimal BP. 32 Relevant to our study involving African Americans, in the Reasons for Geographic and Racial Differences in Stroke study, this population had higher rates of prehypertension, and prehypertension was significantly related to microalbuminuria and chronic kidney disease, in addition to cardiovascular disease. 33 For the study sample in the current study, the rates of cardiovascular outcomes were too low over the 5-year follow-up to determine the RR of outcome in those with BP progression compared with those without BP progression (n=7, n=5, and n=5 for CHD, stroke, and congestive heart failure, respectively).
In this investigation, there was no significant relation between BNP and incident hypertension. Current literature supports the notion that NP concentration varies in occult hypertension. 6, 26 In ΔDBP is defined as the change in DBP between baseline and exam 2. P linearity represents the P value from the test of linearity in the relation between log-BNP concentration and change in DBP. Results suggest a significant linear relation between log-BNP concentration and change in DBP after adjusting for age, sex, baseline systolic and diastolic BPs, body mass index (BMI), diabetes mellitus status, current smoking, heart rate, estimated glomerular filtration rate (eGFR), and left ventricular mass.
1 study that evaluated concentrations of circulating molecular forms of BNP (BNP32 and N-terminal proBNP) in individuals with mild, moderate, and severe hypertension, 34 investigators found that compared with those with normal BP, concentrations of molecular forms of BNP were either not elevated or lower than those of age-and sex-matched controls with mild hypertension. However, in those with moderate and severe hypertension, BNP concentrations were higher. One explanation for potential lower concentrations with mild hypertension could be impairment of the natriuretic peptide system in the early phase of hypertension and a need for a particular threshold to be met early on in hypertension before activation of the natriuretic peptide system occurs in the early phase of the disease.
Limitations and Strengths
One limitation of the current investigation is that change in BP was assessed by comparing BP at 2 single visits (at the baseline examination and time of the second examination). It is unclear how serial BP assessments between the examinations may affect our results. Another limitation is that BNP was measured only at baseline; BNP concentration at followup was unknown. Thus, investigators could not account for the change in BNP in assessing the relation of BNP to change in BP. We excluded those with hypertension at baseline; therefore, at baseline none of the participants in the study sample were on BP medication; however, at follow-up, a portion of those with hypertension were on BP medication, and imputation was used to adjust for the effect of BP medication. Tobin et al 16 tested multiple analytical models to adjust for the use of BP medication. Investigators showed that imputing the systolic BP and diastolic BP by a sensible constant was among the better models to offset the influence of medication with the technique, performing well both in simulated and real data sets In this investigation, the study sample was composed completely of African Americans, thus allowing for the assessment of a large, underrepresented population known to have higher rates of hypertension and hypertensive heart disease compared with other ethnic groups. Although the cohort used represents a strength of this study, the results may not be generalizable to other ethnic populations. A unique strength of this study is that data were prospectively collected using standardized methods for BNP measurement at baseline and assessment of BP and covariates data at baseline and follow-up examination.
Perspectives
The prevalence of hypertension in African Americans is among the highest in the world and is reported to be increasing. Between 1988 Between -1994 Between and 1999 Between -2002 , the prevalence of hypertension in adults increased from 35.8% to 41.4% in African Americans. The prevalence among whites has also increased; however, the rates have been substantially lower (24.3% to 28.1%). 35, 36 Cardiovascular sequelae from longstanding hypertension (as well as prehypertension) are much more profound in African Americans. 37, 38 Identifying novel markers for early detection of those at risk for BP progression may potentially lead to improved prevention, risk stratification, and lower cardiovascular events in this high-risk population. This study suggests that BNP concentrations may become elevated early in the development of hypertensive disease in a community of African Americans. Further investigation is warranted to better understand the biological mechanism(s) explaining this relation and the potential use of this biomarker in the clinical setting as it relates to BP progression.
Conclusions
In this study of a community-based cohort of middle-aged African Americans, baseline circulating plasma BNP concentration predicted an increase in systolic BP, diastolic BP, and in the progression of BP category over a 5-year follow-up period. There was no significant relation of plasma BNP concentration to incident hypertension over the follow-up period.
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*Trend represents increase in risk per BNP quartile.
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